while looking for your phone, having someone ask you what time your departmental meeting was going to be, and where it was located. In that case, you have conflict between the rehearsed information (the new phone number) and the need to recall and report the meeting information. This makes it much harder to engage in the rehearsal of the phone number. Monkeys also can be given tasks with concurrent cognitive load, to see how that load affects other ongoing cognitive activity [1, 9] . In the Brady and Hampton study [4] , while remembering the sample image, the monkeys also had to classify another photo as being a fish, flower, bird, or human. This was something they had already learned how to do [1, 10, 11] , but that still required them to engage in cognitive processing of the intervening stimuli and know the classification rule. Normally, when the tobe-remembered item and the distractors were highly unfamiliar images from a large set of possible items, the concurrent load should not have mattered, because familiarity cues would allow the monkeys to do well on the memory test. But, with the new methodological twist in place, where all stimuli were made familiar right before the memory test began, the monkeys now showed that cognitive load hurt their ability to remember the images -a hallmark sign that working memory was being engaged but was subject to the effects of the cognitive load.
These results show that, as is true for humans, in monkeys working memory is engaged for novel stimuli as well as for highly familiar stimuli. This is a similarity between humans' and at least some other species' memory processes, and one that may reflect an important aspect of the evolution of cognitive control processes that allow for efficient responding to changing contexts and to changing experiences that need to be remembered. Monkeys may sometimes rely heavily on cues such as familiarity to help them determine what choices to make, but they also have available the contents of working memory that are maintained through ongoing rehearsal.
Humans, of course, rely at least some of the time on language as part of their rehearsal process [8] . Monkeys do not have language. This leaves us with the next big question in this area of comparative cognitive research -what is the content of monkey working memory? Do monkeys somehow abstractly re-code stimuli, and if they do, what are the limits of that recoding that humans overcome through linguistic representations and language-based rehearsal? Answers to these questions will shed new light on how our species has come to manifest so many intelligent behaviors and also perhaps shed light on other memory mechanisms that are available to monkeys, as we continue to discover new ways of querying them about what they remember.
During the establishment of root-nodule symbioses between plants and nitrogen-fixing rhizobia, nodule organogenesis in the inner cortex needs to be precisely coordinated with the rhizobial infection site at the root epidermis. A new study shows that rhizobia induce localized callose turnover at plasmodesmata to allow spatiotemporal synchronization of the two processes through symplastic connections.
Growth and development of multi-cellular organisms must be coordinated at several levels to allow correct assembly of cells, tissues and organs leading to defined shapes. A beautiful example of developmental coordination -independent of the organismal body plan -is the root-nodule symbiosis in which fascinating tissue-specific developmental programs need to be spatiotemporally synchronized to allow infection by nitrogen-fixing bacteria and their accommodation inside roots.
Root-nodule symbiosis is an adaptation to nitrogen scarcity in the soil. It occurs in only one clade of the eudicots, the Rosids (comprising the Fabales, Fagales, Cucurbitales and Rosales), and is most widespread and best studied in the Fabaceae (legumes). These plants form a symbiosis with nitrogen-fixing bacteria of the family Rhizobiaceae. A hallmark of this symbiosis is the formation of new lateral root organs, the nodules. In the model legumes Medicago truncatula and Lotus japonicus, the nodules derive from cell division in the root cortex and, in the case of M. truncaluta, also in the pericycle (Figure 1 ). They become inhabited by rhizobia that enter the root through intracellular infection structures called infection threads, which result from another cell developmental program. The tubular infection threads assemble through polarized exocytosis of plant membrane material and grow from cell to cell from the epidermis into the cortex [1] . In M. truncatula and L. japonicus, infection starts following the attachment of rhizobia to root hairs. These curl around the bacteria entrapping them in an infection chamber. From there, the rhizobia enter the root hair and are guided through the simultaneously elongating infection threads across several cell layers into the developing nodule [2] ( Figure 1B) .
Infection-thread formation and nodule organogenesis are two distinct processes that can be genetically dissected with the use of mutant plants. Although distinct, these processes need to be spatiotemporally coordinated. Cell division for nodule formation initiates approximately at the time when rhizobia attach to the root hair, and exactly below the site of rhizobial infection. This coordination allows infection threads to hit the nodule primordium while extending from the root epidermis into the cortex [3] . Symbiotic reprogramming of root pericycle and cortex cells is initiated while rhizobia are still in the root epidermis, a stage that involves the perception of rhizobial secreted lipo-chitooligosaccharide signals, called Nod-factors, by plant LysM-domaincontaining receptor-like kinases [4] . Thus, there is a need for signal transmission across root tissue layers in order to achieve successful nodule development, and it has been a long-standing question as to how the precise spatiotemporal coordination between epidermal perception of microbial molecules, epidermal infection, and cortical-cell division is achieved.
The authors of a recent paper published in Current Biology [5] hypothesized that rhizobia induce a signal(s) or regulator(s) that travels via the symplast -the network of interconnected plant cell protoplasms -from the epidermis to the cortex to promote cell division and nodule colonization. The symplast of neighboring cells is connected through channel-like structures called plasmodesmata, the conductivity of which is highly regulated and restricted by the reversible accumulation of callose in the cell wall surrounding them [6] .
Callose over accumulation at plasmodesmata has previously been shown to perturb primary-root meristem maintenance and root growth in Arabidopsis [7, 8] , because it blocks the trans-cellular movement of an important transcription factor and a miRNA [7] . In addition, plasmodesmal conductivity is important for the regulation of lateral-root patterning [9] . Cells in early lateral-root primordia are symplastically connected with the pericycle ( Figure 1B) and among each other. However, during lateral-root emergence, the primordium becomes symplastically isolated from the (A) When a rhizobial bacterium (red dot) attaches to a root hair, the root hair curls and entraps the bacterium in an infection chamber, while in the pericycle or inner cortex, nodule primordial cells start dividing (light blue squares), activating the MtBG2 promoter and reducing callose deposition at plasmodesmata. It is still unclear how an unknown signal (dashed arrow) travels from the epidermis into the pericycle/inner cortex to induce the first cell divisions and MtBG2 expression [5] . In the presence of rhizobia, a YPF tracer (light green) expressed under the control of an epidermis-specific promoter moves from the epidermis to more central cell layers [5] , indicating localized opening of plasmodesmata. (B) Rhizobia are guided through an infection thread (red line) into the root cortex. Concomitantly, cells in the pericycle and inner cortex divide and form a nodule primordium (light blue squares). Both the progression of the infection thread and continued cell division in the inner cortex require symplastic connectivity through plasmodesmata [5] , suggesting short-range and long-range symplastic movement (black arrows) of unknown mobile regulators. Current Biology 28, R1382-R1405, December 17, 2018 R1401
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Dispatches surrounding tissue by callose depositions at plasmodesmata. Callose is deposited and degraded through two plasmodesmata-localized enzymes with opposite functions: callose synthase 3 and b-1,3-glucanase, respectively [9] . Ectopic expression of a hyperactive mutant of callose synthase 3, cals3m, enhances callose deposition [7] , whereas overexpression of b-1,3-glucanases decreases it; manipulating callose deposition in both directions affects lateral root formation and patterning [9] .
In this issue Gaudioso-Pedraza et al. [5] present the exciting finding that symplastic connectivity is important for nodule formation and colonization, and that this connectivity is likely the key to spatiotemporal coordination between rhizobial infection and nodule organogenesis. They report a reduction of callose in inner root tissues forming the nodule primordia and this coincides with the localized expression of a novel b-1,3-glucanase gene from Medicago (MtBG2), which likely regulates symplastic connectivity in the presence of rhizobia. The MtBG2 promoter is activated by rhizobia in nodule primordia cells before expanding to those containing infection threads, where the authors demonstrated the creation of new symplastic connections by monitoring the movement of fluorescent molecules from the epidermis into underlying tissue layers ( Figure 1A) . Ectopic expression of MtBG2 decreases callose levels and increases the number of nodules, showing that symplastic connectivity favors nodule formation. Further evidence for the importance of symplastic connectivity is the observation that nodulation is decreased upon ectopic expression of the hyperactive callose synthase allele cals3m and upon RNAi-mediated silencing of MtBG2 [5] . It is yet unclear whether the signal, which induces the first expression of MtBG2 in nodule primordia cells, also travels symplastically or through another route, for example through membrane transporters ( Figure 1A) .
NODULE INCEPTION (NIN) is a nodulation-specific key transcriptional regulator that is indispensable for both infection-thread and nodule formation [10, 11] . In M. truncatula, the NIN promoter is active in infected cells along the path of the infection thread and in dividing cortex cells during nodule formation [5] . Most interestingly, blocking the conductivity of plasmodesmata through expression of cals3m (driven by rhizobia-induced promoters) inhibited the activation of the NIN promoter in the nodule primordium in the cortex, but not in the epidermis, during infection-thread formation. This suggests that the NIN promoter may be a direct or indirect target of a non-cell autonomous regulator moving via the symplast from outer tissue layers into nodule primordium cells.
The next pressing task will be to identify the moving signal or regulator. It could be a hormone, an RNA, a peptide, a protein (possibly a transcription factor) or even an ion. Independent of the nature of the mobile factor(s), it is interesting that blocking plasmodesmatal conductivity during root infection by rhizobia inhibits cell division in the inner cortex as well as progression of the infection thread through the outer cell layers [5] . This calls for the existence of a potential long-range as well as a short-range signal(s) ( Figure 1B ). While the former promotes cell division in the pericycle/ inner cortex and nodule development, the latter may be required to prime the cell below the growing infection thread for infection. 'Symptoms' of priming have been observed in the cells neighboring those containing the infection thread and include lowfrequency nuclear calcium oscillations and cytoplasmic aggregation [12] .
Root-nodule symbiosis has evolved by co-opting signaling mechanisms from the more ancient arbuscular mycorrhizal symbiosis between plants and nutrientdelivering fungi of the glomeromycotina [13, 14] . It was recently reported that attachment of the fungus to the root surface induces cell division in the cortex [15] , similar to the initial cell-division events observed during rhizobial infection and nodulation. Furthermore, priming of cells that neighbor colonized cells has been observed [12, 16] . This suggests that, also in arbuscular mycorrhizal symbiosis, a signal or regulator travels from the epidermis to the cortex to promote cell division, and it is likely that symplastic connections play a role in movement of regulators to prepare neighboring cells and deeper tissue layers for colonization by arbuscular mycorrhiza fungi. Thus, mechanisms for epidermis-to-cortex signal transmission in arbuscular mycorrhiza and root nodule symbiosis may be once again similar and evolutionarily related.
Mg 2+ is an essential ion for the cell but whether it can act as a bona fide second messenger has long been questioned. A recent study supports this hypothesis and shows a signalling role for Mg 2+ in GABAmediated neuronal maturation.
A handful of second messenger systems transduce the information carried by myriad extracellular stimuli to elicit specific intracellular responses. Since the pioneering discovery of signal transduction by cyclic adenosine monophosphate (cAMP) [1] , the first second messenger to be identified, several more small molecular and ionic species have been shown to fulfil similar roles -Ca 2+ ions, for example, as well as phospholipid derivatives (inositol triphosphate, diacylglycerol, arachidonic acid), reactive redox species (nitric oxide, hydrogen sulphide, hydrogen peroxide), and other nucleotide derivatives (cADPR, cGMP, NAADP). Understanding how the body's varied cell types encode and decipher diverse extracellular signals within the spatiotemporal dynamics of, and crosstalk between, this small set of second messengers represents one of the major challenges for modern cell biology. It is therefore critical that every member of the cell's second messenger toolbox is known.
Compared with its more illustrious group II metal colleague, Ca 2+ , signalling functions of Mg 2+ ions have received scant attention, although evidence for putative second messenger functions date back to the 1980s. For example, cytosolic Mg 2+ concentration ([Mg 2+ ] cyto ) increases rapidly (within minutes) following extracellular growth factor stimulation and these evoked [Mg 2+ ] cyto transients are necessary to support acute increases in global protein synthesis rates [2] (Figure 1 ). Moreover, several broadly expressed and ubiquitous Mg 2+ channels that facilitate [Mg 2+ ] cyto transients have been identified, as well as transporters that promote Mg 2+ removal over the plasma membrane (SLC41) or into organellar (mitochondrial) stores (MRS2) [2] (Figure 1 ). Furthermore, dynamic changes in cellular Mg 2+ have recently been revealed to regulate many cellular processes, such as enzyme secretion from acinar cells, glycolytic flux and T cell function [3] [4] [5] [6] [7] [8] . However, reasonable scepticism about Mg 2+ being a bona fide second messenger has centred around two key questions: what is the mechanistic basis for the selectivity of any putative Mg 2+ sensor/effector, and how is signal discrimination achieved when Mg 2+ is the second most abundant cation in the cell.
As it is the obligate counterion for all reactions that produce or consume nucleoside triphosphates (NTPs), Mg 2+ is essential to most cellular processes. Mg 2+ is required to stabilise adjacent NTP phosphate groups during enzyme binding, and also lowers the energetic barrier for phosphoryl transfer reactions. ATP is the most abundant NTP, with steady state cellular concentrations around 0.5-5 mM, whereas total cellular [Mg 2+ ] is 20-30 mM [2] . The dissociation constant (K d ) of Mg,ATP is 50 mM [9] , and the Michaelis constant (K M ) of most ATP-binding proteins for Mg,ATP lies in the low micromolar range [10] . Therefore, the prevailing assumption has been that Mg 2+ availability is not rate-limiting for ATP utilisation in healthy cells.
Recent development of more sensitive mass spectrometry and fluorescencebased techniques has led to this assumption being challenged, however, revealing that the majority of cellular Mg 2+ is stably associated with macromolecules (DNA, RNA) or sequestered within intracellular stores, such that the cytosolic concentration of free Mg 2+ typically lies around 0.8-1.2 mM, much lower than previously thought. Secondly, numerous biochemical and structural studies have revealed that the activity of many NTPdependent enzymes requires two Mg 2+ ions in their NTP-binding site for catalysis
